Introduction {#Sec1}
============

Mindfulness-Based Stress Reduction (MBSR) (Kabat-Zinn [@CR22]; Kabat-Zinn et al. [@CR23]) is a widely applied and frequently researched psychological intervention, which is aimed at the cultivation of a mindful attitude. This attitude, consisting of a set of learnable skills, is often defined as being attentive to phenomena occurring in the present moment in a nonjudgmental or accepting way (Baer et al. [@CR4]; Brown and Ryan [@CR6]; Kabat-Zinn [@CR22]). Recent systematic reviews (Chiesa and Serretti [@CR10]; Fjorback et al. [@CR13]; Keng et al. [@CR25]) and meta-analyses (Hofmann et al. [@CR20]; Khoury et al. [@CR26]) on the effectiveness of MBSR regarding psychological outcomes have concluded that MBSR and its variant Mindfulness-Based Cognitive Therapy (MBCT) (Segal et al. [@CR37]) are effective regarding the reduction of psychological symptoms of distress like anxious and depressed mood. When compared to waitlist or treatment-as-usual control groups, on average, a medium effect size was reported (Hofmann et al. [@CR20]), while these interventions are about as effective as cognitive behavioral therapy (Khoury et al. [@CR26]).

Even though MBSR is a treatment for which specific person characteristics are claimed to be important, such as high personal commitment and openness to new experiences (Kabat-Zinn [@CR22]), little emphasis has been put on research into possible moderating influence of personality traits of participants to examine for whom this form of intervention might be most (and least) beneficial. The identification of a possible moderator that might influence the direction or magnitude of the effects of the intervention on outcome is important from both theoretical and clinical perspectives.

From a theoretical perspective, the identification of factors moderating the effects may inform theory building regarding the working mechanisms of mindfulness; when we know for whom it works better, this may suggest possible mechanisms of action. Various mechanisms have been proposed in the literature, which are mindfulness processes such as acceptance and nonreacting to inner phenomena (Baer et al. [@CR4]), decentering/cognitive defusion leading to cognitive and behavioral flexibility (Hayes and Feldman [@CR17]; Shapiro et al. [@CR39]), enhancement of emotion regulation skills (Chambers et al. [@CR9]; Nyklíček [@CR31]), and decrease of rumination and worry (Baer [@CR2]; Segal et al. [@CR37]). A recent systematic review of empirical studies on mechanisms of change in MBCT provided support for a mediating effect of several of these constructs (van der Velden et al. [@CR44]).

Some empirical evidence exists regarding moderator effects by pre-treatment mindfulness levels. In a small randomized trial comparing MBSR with a waitlist control group, it was shown that pre-treatment mindfulness was positively associated with increases in psychological well-being (Shapiro et al. [@CR38]). Also regarding another intervention, involving expressive writing, higher initial mindfulness levels seemed to be associated with more psychological benefit (Poon and Danoff-Burg [@CR34]). These results suggest that the mechanism here involves one building on skills already present before the intervention to some extent.

Regarding more fundamental attributes, there is a paucity of studies examining potentially moderating effects of personality characteristics in MBSR and MBCT. Regarding moderation by personality characteristics, to the best of our knowledge, this has not been examined to date for mindfulness-based interventions in patient or general populations. Only a recent controlled study of MBSR in undergraduate and medical students showed that higher neuroticism was associated with a stronger reduction of psychological distress (de Vibe et al. [@CR12]). The authors interpreted the finding as being potentially due to efficacy of learning new emotion regulation skills in these people with a tendency to react strongly emotionally to challenges. This is an example of how identification of a moderator may generate hypotheses regarding working mechanisms of mindfulness, which may be different depending on the moderator involved.

This paucity of research on personality as moderators is peculiar as personality characteristics, such as neuroticism and extraversion, are associated not only with psychological well-being but also with mindfulness skills (Baer et al. [@CR3]; Baer et al. [@CR4]; Brown and Ryan [@CR6]) and (other) putative mechanisms, such as emotion regulation skills (Kokkonen and Pulkkinen [@CR27]), rumination (Trapnell and Campbell [@CR42]), and cognitive flexibility (Kashdan and Rottenberg [@CR24]). Regarding mindfulness skills, a meta-analysis on the general relationship between personality and mindfulness has concluded that the strongest relationship with overall mindfulness was found for neuroticism (*r* = −0.45) and conscientiousness (*r* = 0.32) (Giluk [@CR14]).

Neuroticism has been most often studied in its relation to mindfulness facets, showing especially strong negative correlations not only with the mindful skill of nonjudgmental acceptance but also with acting with awareness and being nonreactive to one's disturbing thoughts (Baer et al. [@CR3]; Baer et al. [@CR4]; Brown and Ryan [@CR6]; Hanley [@CR16]). In addition, neuroticism is known to be positively associated with a tendency to ruminate (Costa and McCrae [@CR11]) and with avoidant behavior (Lommen et al. [@CR29]), both being mechanisms exacerbating negative mood and both being counteracted by mindfulness (Hayes and Feldman [@CR17]). It may be hypothesized that some of these mechanisms may be involved in increasing emotion regulation skills in individuals scoring high on neuroticism as mentioned above, resulting in stronger effects in these people (de Vibe et al. [@CR12]). Finally, also because negative mood itself is higher in these individuals, more gain may be expected in people scoring high on neuroticism. However, because of this association, analyses should take baseline levels of mood into account to adjust for their effects.

Regarding conscientiousness and mindfulness skills, the strongest correlations were reported with acting with awareness, being a positive association (Baer et al. [@CR3]; Hanley [@CR16]). It is unclear whether less benefit should be expected for high-conscientiousness people because they already are relatively high on this mindfulness facet. More likely, as performing almost daily mindfulness practice is required for participants, the self-disciplined facet of conscientiousness may be hypothesized to contribute to an enhanced benefit, the amount of resulting practice being the driving force potentially increasing any of the mechanisms of action.

Extraversion has been showing rather weak and inconsistent associations with mindfulness (Giluk [@CR14]; Hanley [@CR16]), although it is sometimes reported to be associated with several mindfulness facets (Hollis-Walker and Colosimo [@CR21]). The inconsistencies may stem from the heterogeneity of the construct, including characteristics such as being energetic, gregarious, and adventurous. Theoretically, while gregariousness may benefit participation in a group intervention in general, being adventurous may form a potential misfit with the introspective nature of the intervention. Extraversion as a whole is usually associated with good emotion regulation, low rumination, and positive affect (Costa and McCrae [@CR11]), potentially resulting in lower benefit in individuals high on this personality dimension as a consequence of a ceiling effect in these mechanisms. Conversely, in these areas, gains may be expected, such as enhanced awareness and acceptance of internal phenomena. In addition, the higher psychological flexibility associated with extraversion (Kashdan and Rottenberg [@CR24]) may be expected to facilitate benefits of an intervention calling upon a change in perspective and change in attitude towards mental phenomena, again potentially enhancing mainly acceptance.

Openness has been associated with several mindfulness skills, especially observing and describing (Bohlmeijer et al. [@CR5]; Hollis-Walker and Colosimo [@CR21]), although associations are often not very strong and not always found (Latzman and Masuda [@CR28]). Openness to experience has also been related to greater psychological flexibility (Kashdan and Rottenberg [@CR24]). The potential resulting larger benefit in people scoring high on this trait may be even stronger in the context of a mindfulness-based intervention, as it involves learning an approach very different from conventional modes of thinking.

Agreeableness has shown inconsistent associations with general mindfulness (Giluk [@CR14]). While sometimes it has been related to various mindfulness skills (Baer et al. [@CR3]; Hanley [@CR16]; Hollis-Walker and Colosimo [@CR21]), correlations were stronger with other personality traits, mainly neuroticism. Most importantly, no theoretical grounds were found for expecting a moderating effect of agreeableness. Therefore, this trait was not included in the present study.

Consequently, the aim of the present study was to examine potentially moderating effects of four of the five basic personality characteristics regarding changes in mood associated with MBSR. The moderating influence of personality traits was also examined on the longer term well-being at a 3-month follow-up. Given the rationales discussed above, moderating effects of personality on outcome of MBSR were hypothesized for pre-intervention levels of neuroticism, extraversion, conscientiousness, and openness. All dimensions were hypothesized to be positively associated with favorable changes in mood, reflected by decreases in anxious and depressed mood. Considering the arguments above, strongest effects were hypothesized for neuroticism, openness to experience, and the self-discipline facet of conscientiousness, while for extraversion, the expectations were lowest, rendering the tests on this trait most explorative in nature.

Method {#Sec2}
======

Participants {#Sec3}
------------

Participants were recruited by means of advertisements in the local newspapers in Tilburg, southern Netherlands. The MBSR intervention was advertised as a group intervention to reduce feelings of distress by means of cultivating mindfulness. By means of a brief online document and questionnaire, (i) people were informed about the training and study and (ii) potential exclusion criteria were checked, which are severe psychiatric disorders (e.g., current severe major depression episode, suicidal, or psychotic tendencies), current psychological treatment, and inability to read or write in Dutch. However, none of the people interested in participation were excluded.

According to sample size calculation (G\*Power 3.1.9.2) based on a repeated measure within-between group interactions of a medium effect size, alpha of 0.05, and power of 0.90, a required sample size emerged of 143 participants. In light of an expected attrition of 15% until the 3-month follow-up, we aimed to include 170 participants.

Procedure {#Sec4}
---------

MBSR according to the manualized group program by Jon Kabat-Zinn ([@CR22]) was applied. It consists of eight sessions of 2.5 h over 8 to 10 weeks, a silent retreat session of 6 h in the sixth week, and daily homework practice of at least 40 min. The program trains mindfulness by means of meditation practice (e.g., body scan and sitting meditation), yoga, psycho-education (e.g., on automatic versus mindful response), and group sharing of experiences during the sessions. In the mindfulness practices, participants are instructed to observe their experiences, recognize when their attention drifts away, and to redirect their attention to their experiences in a nonjudgmental way. During the study period, 12 groups of 13--15 participants were run by a qualified psychologist who received extensive training in MBSR and is certified by the Dutch Association for Mindfulness (VVM).

Information letter with a consent form was sent to the participants, and the consent form was collected at the first training session. Participants completed online questionnaires before the first meeting. The questionnaires were completed again after completion of the program, 8--10 weeks later, and at a 3-month follow-up after the end of the training.

Measures {#Sec5}
========

Socio-Demographic and Health Measures {#FPar1}
-------------------------------------

Socio-demographic variables included in the questionnaire were gender, age, education, occupation, and marital status. Self-reported medical information included previous treatment of psychological disorders (depression, anxiety, general distress, or burnout) and current use of psychotropic medication.

Personality and Mood Measures {#FPar2}
-----------------------------

To assess personality, selected facets were administered of the Revised Dutch version of the NEO Personality Inventory (NEO-PI-R) (Costa and McCrae [@CR11]; Hoekstra et al. [@CR18]). This was done to apply the assessment tool in an economical way to (i) use only facets for which moderating effects may be anticipated based on theoretical considerations and empirical findings discussed and (ii) reduce participants' burden. Only facets from four of five higher-order traits were selected, which are *conscientiousness* (the degree of self-organization), *extraversion* (the degree of outward direction of attention and energy), *neuroticism* (even tempered versus chronic negative affects), and *openness* to experience (curiousness versus narrow mindedness). Agreeableness was not assessed as this trait seemed less relevant in this context, as described in the "[Introduction](#Sec1){ref-type="sec"}" section. Of these 4 traits, 11 specific facets were selected, from the personality trait neuroticism, the facets N1 (anxiety) and N3 (depression); from extraversion, the facets E2 (gregariousness), E4 (energy), and E5 (adventurism); from the trait openness to experience, O3 (openness to feelings), O4 (openness to actions), and O5 (openness to ideas); and from conscientiousness, the facets C1 (efficacy), C2 (order), and C5 (self-discipline). All facet scales consist of eight items scored on five-point Likert scales, ranging from 1 (strongly disagree) to 5 (strongly agree). Internal consistencies of these subscales are reported to be adequate, with median Cronbach's alphas between 0.63 (adventurism and openness to change) and 0.83 (anxiety) (Hoekstra et al. [@CR19]). In the present study, all facet scales had a Cronbach's alpha above *α* = 0.70, except openness for change (*α* = 0.67), and the energy (*α* = 0.68) and adventurism (*α* = 0.67) facets of extraversion. Validity of the original Dutch scales has been established by showing substantial correlations with related constructs and low correlations with unrelated constructs (Hoekstra et al. [@CR19]).

Because we used only selected facets of the higher-order traits, it was desirable to examine the internal validity of these traits. In the Dutch manual, it was already shown that all facets had substantial (all *r* \> 0.55) correlations with the corresponding higher-order traits. This may be interpreted as reflecting convergent validity (Carlson and Herdman [@CR8]) with the higher-order trait.

More importantly, we performed a principle component analysis with Varimax rotation using the facet scores as variables, as also reported in the Dutch Manual (Hoekstra et al. [@CR19]). The solution showed the expected four factors with eigenvalues \>1.0, explaining 68% of the variance. The first factor, explaining 27.6%, showed very high loadings (\>0.80) of only the two Neuroticism facets, with two additional loadings \>0.40 by two other facet scales (Table [1](#Tab1){ref-type="table"}). On the three other factors, only each of the three facet scales belonging to the traits loaded \>0.40 on the corresponding higher-order trait (\>0.69 for conscientiousness, \>0.61 for extraversion, and \>0.52 for openness). These outcomes, including occasional double loadings, are very similar to the full questionnaire as reported in the Dutch Manual (Hoekstra et al. [@CR19]). Cronbach alpha's for the resulting higher-order trait scales based on their corresponding facet scale items were 0.92 (neuroticism), 0.81 (extraversion), 0.85 (conscientiousness), and 0.78 (openness). These figures, as well as the Cronbach alpha's of the facet scales, were also highly comparable to those reported in the Dutch Manual for the full NEO-PI-R (Hoekstra et al. [@CR19]) (Table [1](#Tab1){ref-type="table"}). Therefore, we decided to use the present higher-order traits for reasons of parsimony with secondary analyses on facet level.Table 1Factor solution of principle components analysis with Varimax rotation on personality facet scores in the present study / compared to the original Dutch validation study (using all 30 facets)FacetFactor 1 neuroticismFactor 2 extraversionFactor 3 opennessFactor 4 conscientiousnessCronbach's *ɑ*N1 anxiety0.87/0.850.89/0.83N3 depression0.82/0.820.86/0.82E2 gregariousness0.77/0.750.77/0.76E4 energy0.73/0.53--/0.490.67/0.66E5 adventurism0.62/0.610.68/0.63O3 openness to feelings0.58/0.640.70/0.75O4 openness to change−0.47/--0.52/0.490.67/0.63O5 openness to ideas0.87/00.680.74/00.74C1 efficacy−0.41/0.72/0.690.70/0.65C2 orderliness0.86/0.730.73/0.72C5 self-discipline0.70/0.810.78/0.79Loadings \< 0.40 not shown, -- \< 0.40 (unknown exact loading in the case of the original Dutch validation study by Hoekstra et al. [@CR19]); Cronbach's *ɑ* for the original Dutch validation study reflects the median of six studies*C* conscientiousness, *E* extraversion, *N* neuroticism, *O* openness

Mood was measured using the Dutch short version of the Profile of Mood States (POMS) (McNair et al. [@CR30]), consisting of 32 items (Wald and Mellenbergh [@CR46]). These items assess five affective dimensions of which two are used here, which represent clinically the most relevant mood facets, anxiety (six items) and depression (eight items). Participants are asked to indicate "to what extent they felt that way lately." The items are scored on five-point Likert scale ranging from 0 (not at all) to 4 (extremely). Internal consistencies of these subscales are good, ranging from Cronbach's alpha of 0.87--0.91 (depression, in the present study being 0.92 at baseline) to 0.82--0.84 (anxiety, in the present study being 0.87 at baseline), and correlations with related and unrelated constructs showed convergent and discriminant validity (Wald and Mellenbergh [@CR46]), and the subscales have been found to be sensitive to change over the course of a mindfulness-based psychological intervention (Haenen et al. [@CR15]).

Data Analyses {#Sec6}
-------------

Data were analyzed using the IBM Statistical Package for the Social Sciences (SPSS) version 21.0. Baseline differences between the sample and specific reported facet-level norms for men and women from the general population as obtained from the Dutch Manual (Hoekstra et al. [@CR19]) were examined by means of a one-sample *t* test. These analyses were sex specific as both mood and personality traits may differ considerably between the sexes (Hoekstra et al. [@CR19]).

To test if scores on anxiety and depression changed over the three measurements, a linear mixed-model analysis was conducted, which takes into account participants with occasional missing values. The moderating effects of personality traits and socio-demographic variables on well-being were examined by including their interactions with time as relevant factors. The four main personality dimensions were used as continuous variables in the analyses. In addition, quartiles of the personality dimensions were formed to (i) enhance interpretability and (ii) allow for potential nonlinear effects. Additional factors in the model were time (baseline, post-intervention, and follow-up) and demographic and health-related variables including sex, age, education, job status, previous psychological treatment (yes versus no), and current use of psychotropic medication (yes versus no). In additional models, the 11 personality facets instead of the 4 domains were used as moderators to gain a more detailed picture of the role of individual personality facets. Because of the number of repeated tests, a Bonferroni correction of alpha level was applied in the facet analyses (by a factor of 2 or 3 as per domain, two or three facets were used), resulting in an alpha level of.025 for the neuroticism facets and 0.017 for the other facets.

Results {#Sec7}
=======

Of the 173 participants of MBSR, 6 (3%) refused to participate in the study. Of the remaining 167 participants, 117 were women (70.1%), with a mean age of 45.8 years (SD 9.3). The majority had a higher professional education or university degree (*n* = 135, 80.9%) and held an occupation of at least 20 h per week (*n* = 132, 79%). Most participants (*n* = 124, 74.3%) were married or lived with a partner, and 48 (28.7%) have been treated for psychological problems of which 33 (19.8%) for depression.

Thirteen participants (7.5%) dropped out of MBSR (did not attend the last three sessions or more). When comparing dropouts with the remainder of the participants on demographic, and baseline mood and personality variables, dropouts appeared to be younger compared to treatment adherers (40.5 ± 8.6 versus 46.2 ± 9.2; *t*(165) = 2.15, *p* = 0.033). They also scored somewhat higher on openness (28.2 ± 3.2 versus 26.3 ± 3.1; *t*(165) = 2.11, *p* = 0.036), although on facet level, only trends were seen for openness to feelings (*p* = 0.062) and openness to ideas (*p* = 0.073) in the same direction. No other differences were found.

Ten (6%) participants did not complete the measurements after the MBSR program. At the 3-month follow-up, 18 participants (11%) had missing values. There were no differences between the participants not filling in the follow-up measurements and the adhering group regarding demographic variables or baseline mood and personality variables.

First, the baseline personality and mood scores of the present sample were compared to Dutch norms for women and men, as reported in the Dutch Manual (Hoekstra et al. [@CR19]). This included a large sample, which was comparable to the present sample regarding most demographic characteristics, except education, about 80% of the current participants having higher education compared to about 50% of the norm sample. Compared to the facet-level norms, female participants scored higher on the neuroticism facets, and two of three openness facets, while they scored lower on all conscientiousness facets and on the extraversion facet of gregariousness (Table [2](#Tab2){ref-type="table"}). Similar findings were obtained for men, although significant only for the neuroticism facets, openness for ideas, and self-discipline. Also regarding the POMS anxious and depressed mood, women and men had higher levels compared to the Dutch population (Table [2](#Tab2){ref-type="table"}).Table 2Baseline personality and mood scores of the sample and the Dutch population for men and womenMen (*n* = 50)Women (*n* = 117)VariableParticipantsPopulationParticipantsPopulation*μσμσpμσμσp*N1 anxiety27.56.021.85.20.00128.36.324.45.90.001N3 depression25.76.421.44.80.00127.26.020.74.60.001E2 gregariousness23.74.324.45.40.27423.55.425.65.50.001E4 energy25.54.225.54.31.026.34.325.54.30.040E5 adventurism23.15.023.25.00.88720.64.821.55.00.056O3 openness to feelings28.54.6274.10.02130.04.029.14.00.019O4 openness to change22.83.422.34.60.30823.54.722.34.60.007O5 openness to ideas28.05.125.45.40.00126.04.824.84.80.008C1 efficacy27.43.728.43.50.06726.34.2283.30.001C2 orderliness25.64.426.24.20.37125.44.826.74.30.006C5 self-discipline25.85.028.54.20.00125.95.128.94.10.001POMS Anxiety11.14.83.64.00.00111.15.75.14.90.001 Depression10.07.21.94.40.0019.87.22.64.50.001*C* conscientiousness, *E* extraversion, *N* neuroticism, *O* openness, *POMS* Profile of Mood States

A basic mixed-model analysis with only time included as a factor showed a significant effect for both anxiety (*F*(2, 162) = 87.59, *p* \< 0.001) and depression (*F*(2, 164) = 38.82, *p* \< 0.001). After 8 weeks of MBSR intervention, anxiety lowered from an average of 11.10 (SD 5.44) to an average of 6.92 (SD 4.77) at post-intervention and 4.97 (SD 4.14) at follow-up. Similarly, depression decreased from an average of 9.83 (SD 7.18) to an average of 6.08 (SD 6.23) at the post-intervention and 4.91 (SD 5.54) at follow-up.

The first moderator analysis involved testing the effects of basic demographic and clinical variables on anxiety levels, both as main effects and as interactions with time: the variables sex, age, education, job status, previous psychological treatment, and use of psychotropic medication. The best model fit was found for the model including main and interaction with time effects reflecting moderation of the use of psychotropic medication (*F*(2, 156) = 3.48, *p* = 0.033) and age (*F*(2, 156) = 4.75, *p* = 0.010). Compared to the basic model fit improved to −2 log likelihood = 1019.9, change *χ* ^2^ (3) = 36.2, *p* \< 0.0001, AIC = 1049.9, and BIC = 1112.0. Participants on psychotropic medication showed larger decreases in anxiety between post-intervention and follow-up but not between pre- and post-intervention, compared to participants not on medication. Older participants showed smaller decreases in anxiety over time.

In the analysis with depression as the outcome variable, no moderation effects by demographic variables were found. Because of the effects on anxiety, in subsequent analyses, age and psychotropic medication were included with their main and interaction effects.

In the next step, all four personality dimensions were included. For both depressive and anxiety symptoms, however, model fit improved most when only neuroticism and its interaction with time was included in the model, for depression, −2 log likelihood = 901.6, change *χ* ^2^ (3) = 115.6, *p* \< 0.0001, AIC = 937.6, and BIC = 1012.2, and for anxiety, 2 log likelihood = 896.0, change *χ* ^2^ (3) = 123.9, *p* \< 0.0001, AIC = 932.0, and BIC = 1006.6. The other personality dimensions did not show any significant effects, which was also the case when entered separately into the model.

For anxiety, in this model including neuroticism, the effects of medication and age were no longer significant (*p* \> 0.10). Besides a main effect of neuroticism (*F*(1, 166) = 118.38, *p* \< 0.001), reflecting higher anxiety with higher neuroticism, the time × neuroticism interaction was significant (*F*(2, 161) = 31.01, *p* \< 0.001). Participants higher in neuroticism showed stronger decreases in anxiety, as evidenced in the illustrative analysis based on quartiles of neuroticism (Table [3](#Tab3){ref-type="table"} and Fig. [1](#Fig1){ref-type="fig"}).Table 3Estimates of mean difference in anxiety symptoms between pre-intervention, post-intervention, and follow-up measurements for each of the four quartiles of neuroticismNeuroticism quartilePre-MBSR (T1), *M* (SE)Post-MBSR (T2), *M* (SE)Follow-up (T3), *M* (SE)Difference (T1--T3)Cohen's *d*Low5.30 (0.70)2.50 (0.68)1.59 (0.67)3.710.42Low-medium8.90 (0.71)4.83 (0.71)1.47 (0.69)7.430.82Medium-high10.33 (0.63)6.36 (0.63)2.22 (0.60)8.101.02High14.96 (0.64)9.25 (0.63)1.24 (0.63)13.721.67Model includes socio-demographic variables and the four personality dimensions Fig. 1Estimated marginal means of anxiety over three time points per quartile of neuroticism

However, because neuroticism was strongly associated with anxiety at baseline (*r* = 0.70), analyses should be corrected for this confounding (i.e., individuals reporting higher levels of distress have more potential for improvement). Because one cannot control for the baseline levels of a variable in an analysis in which the same baseline is also included as dependent variable, and because the main aim of the study was to examine moderating effects on decrease in anxiety and depressive mood, for these analyses, we used change scores from pre- to post-intervention and from post-intervention to follow-up as outcomes in the mixed-model analysis including the same variables as predictors as above complemented by the main effect of baseline anxiety and its interaction with time. Such procedure is well defendable as change scores provide an unbiased estimate of true change (Rogosa [@CR36]), which is our main focus.

In this analysis, baseline anxiety was the strongest predictor of overall change in anxiety as shown by its main effect (*F*(1, 132) = 140.12, *p* \< 0.001; estimate = 0.37, 95% CI = 0.14--0.60). Its interaction with time just did not reach the conventional level of significance (*F*(1, 150) = 3.87, *p* = 0.051), but the interaction of time × neuroticism did (*F*(1, 148) = 12.53, *p* = 0.001). This interaction reflected that higher neuroticism was associated with a smaller decrease in anxiety from pre- to post-intervention but also a larger decrease in anxiety after the intervention ended. This is illustrated in an analysis based on quartiles instead of continuous scores of neuroticism (interaction with time being significant at *p* = 0.005), the decrease from pre- to post-intervention for the lowest through highest neuroticism quartile being 1.0, 0.8, 0.6, and 0.3 and from post-intervention to follow-up being 0.1, 0.2, 0.4, and 0.9, respectively. Thus, the overall decrease from baseline to the 3-month follow-up was similar for the groups (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2The amount of anxiety reduction from pre- to post-intervention and from post-intervention to follow-up across quartiles of neuroticism, controlled for baseline anxiety levels

In the regular mixed-model analysis on depressive mood, also a main effect of neuroticism (*F*(1, 164) = 135.73, *p* \< 0.001) and a time × neuroticism interaction effects appeared (*F*(2, 160) = 18.19, *p* \< 0.001). Again, effects reflected that participants higher in neuroticism showed a stronger decrease in depression, as can be best seen in the analysis based on quartiles of neuroticism (Table [4](#Tab4){ref-type="table"} and Fig. [3](#Fig3){ref-type="fig"}). Again, to control for baseline depressive mood (correlating *r* = 0.68 with neuroticism), a similar analysis as above on change scores was performed. Again, a main strong effect of baseline depression appeared (*F*(1, 132) = 174.96, *p* \< 0.001), showing a positive association with decrease in depressive symptom across time (estimate = 0.56, 95% CI = 0.33--0.79). In addition, a main effect of neuroticism appeared (*F*(1, 132) = 8.18, *p* = 0.005), but the coefficient of its effect did not reach significance (estimate = −0.01, 95% CI = −0.05--0.02). Also when using quartiles of neuroticism, no significant main or interaction effects including neuroticism emerged (*p* \> 0.10), suggesting lack of robustness of the effect.Table 4Estimates of mean difference in depression symptoms between pre-intervention, post-intervention, and follow-up measurements for each of the four quartiles of neuroticismNeuroticism quartilePre-MBSR (T1), *M* (SE)Post-MBSR (T2), *M* (SE)Follow-up (T3), *M* (SE)MD (T1--T3)Cohen's *d*Low4.75 (1.03)4.37 (1.11)2.80 (0.91)1.960.16Low-medium10.43 (1.0)7.53 (1.12)2.96 (0.95)7.470.60Medium-high11.84 (0.88)8.03 (0.96)5.02 (0.82)6.820.62High18.10 (0.88)12.20 (0.94)4.42 (0.85)13.681.23Model includes socio-demographic variables and the four personality dimensions Fig. 3Estimated marginal means of depression over three time points per quartile of neuroticism

When examining the moderating effects of personality in greater detail on facet level, by including the individual facets instead of the basic dimensions, controlling for the effects of age and psychotropic medication, none of the facets, except the neuroticism facets, showed significant effects. Only the neuroticism facets showed effects highly similar to the effects described above on trait level. Specifically, changes in anxiety levels were predicted by the neuroticism-anxiety facet, as reflected by its interaction with time (*F*(2, 159) = 15.83, *p* \< 0.001), while changes in depression levels were predicted by the neuroticism-depression facet (*F*(2, 158) = 8.44, *p* \< 0.001). Only for anxiety, this effect remained significant when the effects were adjusted for baseline anxiety symptoms using change scores as outcome (*F*(1, 150) = 15.35, *p* \< 0.001), not for depression (*p* \> 0.10).

Discussion {#Sec8}
==========

The aim of the present study was to examine potentially moderating effects of relevant personality factors and basic socio-demographic variables regarding changes in anxious and depressed mood during and after a mindfulness-based stress reduction intervention. The identification of such possible moderators might help differentiating people for whom this type of intervention is beneficial from those for whom it is not.

First, consistent with previous studies as summarized in recent reviews and meta-analyses (Fjorback et al. [@CR13]; Hofmann et al. [@CR20]; Khoury et al. [@CR26]), overall decreasing anxious and depressed mood have been found in the present study. Importantly, this positive effect was not only visible immediately after the intervention, but anxiety and depression continued to decrease at the 3-month follow-up, showing relatively lasting changes in psychological well-being with overall a large effect size from pre-intervention to follow-up.

Regarding the question of moderators of distress reduction, the first analysis including only demographic and mental health indicators showed that age and use of psychotropic medication modulated the decrease. However, these effects disappeared when personality was introduced into the models. Most personality domains did not show significant moderator effects, except neuroticism. Results of the initial analysis showed larger benefit with higher neuroticism on both anxiety and depressive mood. These findings are in line with the previous study conducted in students (de Vibe et al. [@CR12]). However, this effect seems to have been largely confounded by baseline mood problems; the higher the baseline levels are, the stronger the reduction is. This effect is well known in the literature and may be a consequence of a larger potential to change when scores are more extreme or a regression to the mean effect. When baseline levels were controlled, only one effect remained; higher neuroticism was associated with a smaller decrease in anxiety at post-intervention but a larger decrease between post-intervention and the 3-month follow-up. In other words, while overall change to follow-up was not substantially different, the decrease in anxiety was delayed in people scoring higher on neuroticism.

These findings may be important when comparing them with other interventions for psychological stress and depression complaints, notably cognitive behavior therapy (CBT). In general, CBT shows weaker benefit regarding anxious and depressed mood for those high in neuroticism, perhaps making change more difficult for those having a more stable propensity to negative affect (Quilty et al. [@CR35]; Spek et al. [@CR40]; Taylor and Mclean [@CR41]; Wolitzky-Taylor et al. [@CR47]). One may speculate about the possibility that when such a stable propensity towards negative affectivity is present, mindfulness may be more effective, albeit not immediately. The present finding on anxiety seem to suggest that a mindfulness-based intervention may yield a cognitive change in people high in neuroticism, which may be unique to mindfulness and which makes them decrease in anxiety, although not immediately.

Such cognitive processes may include mindfulness skills which people high in neuroticism show in lower levels compared to emotionally more stable individuals, i.e., acceptance, acting with awareness, and being nonreactive to one's disturbing thoughts (Baer et al. [@CR3]; Baer et al. [@CR4]; Brown and Ryan [@CR6]; Hanley [@CR16]). Also, as these individuals have a tendency to ruminate (Costa and McCrae [@CR11]) and to avoid experiences (Lommen et al. [@CR29]), both being processes that diminish as a result of mindfulness (Hayes and Feldman [@CR17]; Nyklíček [@CR31]; Shapiro et al. [@CR39]), these processes seem promising as potential mechanisms involved in the beneficial effects of mindfulness, especially in individuals scoring high on neuroticism. The fact that the benefit was shown only after the intervention may not be surprising as one can imagine that it takes time, especially for individuals showing high neuroticism, to be able to make such a fundamental cognitive-emotional shift from high emotional reactivity and/or avoidant behavior to acceptance, nonreactivity, and/or decentering from ruminative thought (Kabat-Zinn [@CR22]).

In line with this interpretation, a recent study has found that MBSR decreased the trait of negative affectivity, which was interpreted as possibly reflecting the ability of mindfulness of changing basic stable propensities by its radically different approach to one's own psychological processes (Nyklíček et al. [@CR32]). Interestingly, in one recent direct comparison study between CBT and MBSR for anxiety disorders, MBSR outperformed CBT in those patients with comorbid moderate to severe depressive symptoms (Arch and Ayers [@CR1]), which are known to be strongly associated with the traits of negative affectivity and neuroticism.

Regarding extraversion, the present results contrast previous findings. While a study on a CBT program found more benefit in people scoring higher on extraversion (Quilty et al. [@CR35]), a study in MBCT in people with diabetes reported lower benefit in participants scoring high on extraversion (Nyklíček et al. [@CR33]). The present study showed no effects of this trait. Perhaps the central mindfulness aspect of (self) acceptance in combination with a safe and accepting group format of the intervention largely focusing on introspective and interoceptive processes may be well fitting the more introverted participants, which may have balanced out the expected potential benefit of extraversion associated with larger psychological flexibility (Kashdan and Rottenberg [@CR24]). This suggestion seems in line with the results of the MBCT study in diabetes patients, which showed not only lower decrease in symptoms of anxiety and depression but also a substantially higher dropout in people scoring high on extraversion (Nyklíček et al. [@CR33]). Our results are in line with those of a study in a student sample, in which extraversion did not seem to moderate the effects of a mindfulness training (de Vibe et al. [@CR12]). A potentially relevant difference between the studies is that in contrast to research not finding an effect of extraversion, the MBCT study in diabetes did not use the words mindfulness or meditation during recruitment of participants, instead referring to learning attention regulation skills (van Son et al. [@CR45]). This might have increased the subscription of participants who would otherwise not subscribe, revealing a potential misfit with the intervention only during participation in that study.

Also, conscientiousness did not show moderating effects. These were hypothesized as being the result of more dedicated practice in the more conscientious people, which has been claimed to be important for obtaining benefit (Kabat-Zinn [@CR22]). However, previous studies have reported inconsistent findings regarding the correlation between the amount of home practice and the extent of decrease in psychological symptoms (Nyklíček et al. [@CR32]).

For openness, also no effects were obtained, which was not hypothesized as higher scores were expected to be beneficial. Perhaps a relatively high score in openness for feelings and new ideas may already be present in most people participating in a mindfulness intervention, reflecting a selection bias. Indeed, participants in the present study scored significantly higher on various openness facets compared to the Dutch population.

Dropout was quite low in this sample. The somewhat higher score on openness in dropouts compared to adherers is surprising as, if anything, the opposite may have been expected. Openness to feelings and new ideas may be regarded as likely facilitators of the training process during a psychological intervention based on a new approach, such as mindfulness, in which openness to feelings is an important attitude. We do not have a satisfactory explanation for this finding, except speculating that this finding may have been due to chance as on facet level, the differences were not significant.

To put the results into context, we also examined if the people who participated in MBSR differed from the general Dutch population. In this study, the participants had higher levels of neuroticism than the average Dutch population with a medium-to-large effect size. This difference was to be expected, since it is known that neuroticism strongly predisposes to experience distress for which participants in the present study sought help by subscribing to the MBSR intervention. Further, both sexes scored lower on the conscientiousness facet self-discipline, and women only also on efficacy and order, although effect sizes of the latter two were low. Also, generally low effect sizes were found for the differences regarding the extraversion facet of gregariousness (lower in female participants compared to population) and openness (higher in participants of both sexes). The effect of openness may also have been expected as discussed above.

It may be noted that while subscribing to a mindfulness-based intervention seems to be associated with a generally less adaptive personality trait profile, mindfulness as a trait is associated with adaptive scores on personality traits, i.e., especially lower scores on neuroticism and higher on conscientiousness (Baer et al. [@CR3]; Brown and Ryan [@CR6]; Van den Hurk et al. [@CR43]). This may put forward the hypothesis that learning mindfulness may change scores on personality dimensions. Recently, some evidence for this position has been provided by two studies. A randomized trial showed MBSR to be associated with a decrease on the traits of negative affectivity (strongly associated with neuroticism) and social inhibition (Nyklíček et al. [@CR32]). In another recent study, positive changes were reported regarding the character facets of intrapersonal (self-directedness), interpersonal (cooperativeness), and transpersonal (self-transcendence) levels of the Temperament and Character Inventory (Campanella et al. [@CR7]).

Limitations {#Sec9}
===========

The following limitations are acknowledged. First and foremost, the lack of a control group does not permit conclusions regarding the uniqueness of MBSR regarding the moderating effects obtained. It cannot be excluded that these effects may also have been found in other interventions or even are due to just a differential regression to the mean effect. However, this does not seem likely in light of the fact that some of the effects seem to be different from effects obtained in CBT. Nevertheless, future studies should include a well-defined control group to test the specificity of the effects. In addition, the fact that people subscribed themselves to MBSR potentially introduced a self-selection bias not permitting generalization of the results to non-self-selected samples. Also, the fact that majority of the participants consisted of well-educated women limits generalizability to other groups. The lack of data regarding adherence is a limitation as adherence may be related to both personality and treatment outcome. Finally, assessing changes in mindfulness skills may have shed some light on potential mechanisms involved in the moderation effects. Future research should address this issue.

The study was approved by the Medical Ethics Committee of St. Elisabeth Hospital, Tilburg, Netherlands, and was conducted in accordance with the Declaration of Helsinki. Participants gave their written informed consent.
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